Cr fluorescence spectrum. Thus, we would expect that a breakdown of Cr-doped MgSiO 3 to its oxide components would also result in such a fluorescence spectrum (25). The lack of phase transitions in MgO additionally allowed measurements with higher sensitivity on the recovered samples outside the diamond cell. We found no MgO after heating MgSiO 3 glass, doped with 0.1 atomic % Cr 3ϩ , in an argon medium at 3000 K and 73 GPa for 10 min (Fig. 4, A and B) . Instead, the recovered perovskite crystal (Fig. 4C ) exhibits two prominent fluorescence peaks at 710.2 and 714 nm (Fig. 4B) .
We have shown that silicate perovskite heated with small temperature gradients in a quasi-hydrostatic pressure medium does not decompose to its component oxides and that instead these oxides react to form perovskite when heated to the highest pressures in our experiments (100 GPa). These results are important in view of new evidence for a dense high-pressure polymorph of SiO 2 (26), because they show that, at the present pressure and temperature conditions, (Mg,Fe)SiO 3 -perovskite is more dense than a (Mg,Fe)O-SiO 2 assemblage. 1357 (1996) . 5. We laser-heated samples in a large variety of pressure media and found that the laser power required in a NaCl pressure medium is markedly higher than that for CsCl or KBr media. This result is consistent with a comparative study of several alkali halides, where the thermal conductivity of NaCl in the B2 structure was estimated to be at least three times that of CsCl found to revert to the stishovite phase upon pressure release (19, 26) . We did not detect any Raman mode of stishovite, the strongest of which would appear, for example, at 801 cm Ϫ1 in the spectrum taken at 15 GPa (Fig. 3B) Perennial Antarctic Lake Ice: An Oasis for Life in a Polar Desert
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The permanent ice covers of Antarctic lakes in the McMurdo Dry Valleys develop liquid water inclusions in response to solar heating of internal aeolian-derived sediments. The ice sediment particles serve as nutrient (inorganic and organic)-enriched microzones for the establishment of a physiologically and ecologically complex microbial consortium capable of contemporaneous photosynthesis, nitrogen fixation, and decomposition. The consortium is capable of physically and chemically establishing and modifying a relatively nutrient-and organic matter-enriched microbial "oasis" embedded in the lake ice cover.
The McMurdo Dry Valleys, Antarctica, is one of the coldest and driest deserts on Earth. Lakes in this region are permanently ice covered (1). The ice is typically 3 to 6 m thick and contains a layer of sand and organic matter of aeolian origin below the surface. This layer represents a dynamic equilibrium between downward movement of sediments as a result of melting during the summer and upward movement of ice from ablation at the surface and freezing at the bottom. Liquid water inclusions are present in this layer for about 150 days during the summer when solar radiation is continuous; up to 40% of the total ice cover volume during this period can be liquid water (2, 3) . We discovered that the ice meltwater supports a viable microbial assemblage associated with the sediment layer. Here, we describe the ecosystem. We collected ice samples from six lakes (Bonney, Hoare, Fryxell, Miers, Vanda, and Vida) between August and October 1993 and 1995 using 10-cm-diameter coring devices. Cores were sectioned, melted, and analyzed for photoautotrophic and heterotrophic activity; biomass, sediment, and nitrous oxide content; and chemistry (4). Most of our studies were on Lake Bonney. The ice cover of Lake Bonney was 4 m thick, and the sediment layer was 2 m beneath the ice surface (Fig. 1A) . N 2 O and dissolved inor-
Ϫ ϭ DIN) reached a maximum at this depth, indicating that the region was a source for nitrogen (Fig. 1, A (6) . N 2 fixation (7) ranged from 9.4 to 91.3 nmol of N 2 per milligram of chlorophyll a per hour in lake ice aggregates. Primary productivity, bacterial activity, chlorophyll a concentration, and bacterial cell number also were highest in or near this sediment layer (8) (Fig. 1, C and  D) . Dissolved organic carbon (DOC) was highest near the peaks in primary and bacterial productivity. Primary productivity ranged up to 7.8 g of C per liter per day, and bacterial productivity ranged up to 0.40 nM thymidine per day in the combined data set from all six lakes. High photoautotrophic biomass was associated with high bacterial biomass in the combined data set.
A complex microbial assemblage was physically associated with the sediment. The sediment is composed of aggregated sand and gravel, distributed in centimeterscale inclusions within the ice when no liquid water is present ( Fig. 2A ). Bubbles present above the sediment layer likely formed from gas exsolution as the liquid water lens froze from the top downward during early winter (2, 3) . Confocal microscopy (9) revealed bacterial and cyanobacterial cells attached to the sediment particles (Fig. 2B) . Most of the cyanobacteria are filamentous species of the genus Phormidium (Fig. 2B, top right) . More rarely, we observed cells of the cyanobacterial genus Chamaesiphon (Fig. 2B, top left) , the nitrogen-fixing genus Nostoc, unidentified coccoidal cyanobacteria, and diatom algae. Phylogenetic analysis (10) of the oxygenic phototrophs was performed by cloning bacterial 16S ribosomal RNA genes directly from the ice assemblage DNA (Fig. 3) . Thirty-one of the 198 bacterial genes sequenced were of cyanobacterial origin; among these were four clades. Three clades were allied with the genera Leptolyngbya, Chamaesiphon, and Phormidium. The fourth could not be associated with any of the cyanobacterial genes in public sequence databases. These observations establish that representatives of widely distributed cyanobacterial groups have successfully colonized the ice habitat. The lake ice organisms do not resemble the predominantly eukaryotic plankton within the water column of Lake Bonney.
Our data imply that ice sediment particles serve as nutrient (inorganic and organic)-enriched microzones for the establishment of a physiologically and ecologically complex microbial consortium capable of contemporaneous photosynthesis, N 2 fixation, and decomposition. All of SCIENCE ⅐ VOL. 280 ⅐ 26 JUNE 1998 ⅐ www.sciencemag.org these processes are needed to complete essential nutrient cycles. CO 2 -and N 2 -fixing capabilities ensure access to biologically available carbon and nitrogen, key growth-limiting nutrients in aquatic and terrestrial habitats. Microautoradiography revealed that filamentous cyanobacteria actively fix CO 2 upon exposure to meltwater (Fig. 2C) . Microautoradiographs also show that bacteria are capable of metabolizing a range of organic substrates closely associated with cyanobacteria (11) . These activities imply a consortial arrangement within the assemblage where photoautotrophs are supplying fixed carbon (and nitrogen in the case of N 2 -fixing species) and heterotrophs are cycling CO 2 and inorganic nutrients back to the photoautotrophs. Highest dissolved inorganic carbon (DIC) concentration (1.2 mg of C liter Ϫ1 ) corresponded to the region of greatest metabolic activity. Substrate kinetics experiments showed that DIC in this region does not limit photosynthetic activity. Microscopy also revealed that cyanobacterial filaments bind sediment particles, forming a cohesive fabric that produces a relatively nonfriable aggregate (Fig. 2C) . Our data support the contention that this assemblage is capable of physically and chemically establishing and modifying a relatively nutrient-and organic matter-enriched microbial "oasis" embedded in the lake ice cover.
A model of sediment and associated particulate organic carbon (POC) dynamics within the ice cover of Lake Bonney illustrates the dominant physical and biological processes relevant to the transport and production of POC in this system. Aeolian transport is the primary allochthonous source of sediment and POC to the lake ice. The sediments and associated POC migrate to the depth in the ice in dynamic equilibrium with radiation-induced downward melting caused by sensible heating and with the net upward movement of the ice (3, 12) . Data from thermocouples embedded in the ice and observations from ice-core data indicate that meltwater in association with the sedimentary layers is present from November to February (3) and supports photosynthetic carbon production during this period of continuous sunlight (13, 14) . Daily average photosynthetically available radiation (PAR) reaching the photosynthetic layer ranged from 50 to 200 mol of photons m Ϫ2 s
Ϫ1
during the period of liquid water (14) . We estimated that the median growth rate of photoautotrophs is 0.5 year Ϫ1 (range ϭ 0.08 to 1.6 year Ϫ1 ) using rates of photoautotrophic protein synthesis (14) .
POC is lost from the ice cover through cracks and meltwater conduits that develop during the austral summers. We evaluated the POC balance within the ice cover of Lake Bonney using the following numerical relation in concert with data collected on the system:
where C is the POC concentration per area, t is time, is the photoautotrophic growth rate (0.5 year Ϫ1 ), C i is the standing stock of microalgal POC in the ice (375 mg of C m Ϫ2 ) (15), Q a is the aeolian flux of POC onto the lake ice (43 mg of C m Ϫ2 year Ϫ1 ) (15) , and Q w is the sinking flux of POC from the ice (2.3 mg of C m Ϫ2 year Ϫ1 ) (15) . This model represents net fluxes of POC only, neglecting losses to DOC and CO 2 .
Our data imply that 229 mg of POC m Ϫ2 year Ϫ1 accumulated in the Lake Bonney ice cover during our study. The model predicts an unsteady-state condition where both POC and sediment accumulate over the year. These dynamics are expected to vary annually as local climate conditions affect PAR, aeolian deposition, and sediment loss from the ice cover. The model indicates that Ͼ80% of the computed POC accumulation results from carbon produced by cyanobacterial photosynthesis despite low growth rates and shows that the permanent ice covers provide viable habitats for the microscale proliferation of life in what would appear to be an otherwise inhospitable macroscale environment. The physical and biological dynamics of the permanent ice covers we describe differ from that in marine pack ice (16) and winter ice of temperate lakes (17) . Both of these systems are characterized by freeze-flood cycles driven by snow deposition and are inhabited by organisms originating from the underlying liquid water column. Conversely, the microbial habitats in the ice covers of the dry valley lakes arise from internal melting associated with aeolian-deposited sediments, which also provides the biological seed.
The habitat in the Antarctic lake ice may serve as a model for life on Mars and Europa. Although Mars may have had extensive liquid water at one time, it rapidly cooled, and ice would have become, as it is today, the dominant form of water on the surface (18, 19) . On Europa, surface ice appears to exist in contact with subsurface liquid water (20) (21) (22) . Solar heating of the subsurface could result in melt layers similar to those we describe here. . Remaining sediments were then dried (90°C for 24 hours) and weighed. Subsamples were removed from core meltwater and incubated with either 14 C-labeled bicarbonate (8 Ci ml Ϫ1 ) or 3 H-labeled thymidine (0.4 Ci ml Ϫ1 ) for photoautotrophic and bacterial activity measurement, respectively. Samples for photosynthetic activity were incubated for 20 hours at 1°C and 100 mol of photons m Ϫ2 s Ϫ1 before filtration through Whatman GF/F filters. The activity on the filters, together with DIC concentration, obtained from infrared analysis of gassparged samples, was used to compute photosynthetic rates. Samples for bacterial activity were incubated with 20 nM thymidine for 20 hours at 1°C in the dark followed by the addition of cold trichloroacetic acid (5% final concentration); samples were filtered on 0.2-m filters for determination of isotopic incorporation. 5. J. C. Priscu, Global Change Biol. 3, 301 (1997). Nanoparticles of metals and semiconductors have sparked intense interest (1) in anticipation that this unexplored range of materials dimensions will yield size-dependent optical, electronic, and chemical properties suitable for applications in optoelectronic nanodevices, catalysts, and chemical sensors (2) (3) (4) . Among known preparations of nanoparticles (5-8), recent attention has focused on alkanethiolate monolayer-protected metal clusters (MPCs). Gold MPCs in particular are quite stable and can be prepared with average core diameters of 1.1 to 5 nm. Electrochemical studies have demonstrated that Au MPCs are equivalent to diffusing, nanometer-sized electrodes (9) and can provide electrocatalytic advantages (10). Further, room-temperature solutions of MPCs with monodisperse cores display an electrochemical "ensemble Coulomb staircase" (11), a behavior anticipated and explained based on the sub-attofarad doublelayer capacitances (C CLU ) of diffusing, nanometer-sized 28-kD metallic Au particles coated with a monolayer (hexanethiolate, C6) dielectric. Analogous staircase phenomena have been reported, using nanometersized electrodes (12) .
We aim to further understand electrochemical ensemble Coulomb staircases by varying the monodisperse core mass in Au MPC solutions from 8 to 38 kD (core diameters of 1.1 to 1.9 nm). The double-layer capacitive charging seen for larger core sizes changes for smaller MPC core sizes to a molecular redox-like behavior. That is, over a certain range of core sizes, electron orbital-shell effects or pairing effects, or both, begin to dominate, changing the cluster capacitance from one determined by electrostatic processes to one more dominated by bonding interactions.
Coulomb staircases for nanoparticles are usually observed as tunneling currents through a single nanoparticle addressed by a tip probe (Fig. 1A) , that undergo stepwise increments with increasing tip-substrate bias (V) (13, 14) . A model accounting for junction capacitances in a double tunnel-junction circuit (Fig. 1A) predicts that current increments occur at critical voltage biases (V C )
where Z is integral nanoparticle charge, e the electron charge, C capacitance of the more resistive junction, and Q O a fraction associated with tip-substrate work function differences. Coulomb staircase charging is normally observed at low temperatures because of the requirement that the stepwise charging energy (E C ϭ e 2 /C) greatly exceeds thermal energy, k B T, where k B is Boltzmann's constant and T is temperature. Equation 1 predicts that if C is constant, consecutive charging steps should occur at a regular spacing ⌬V C ϭ e/C. Figure 1 , C and D, presents electrochemical ensemble Coulomb staircase behavior for MPCs of varied core mass, in the form of differential pulse voltammograms (DPVs) at a Pt electrode. The interfacial doublelayer chargings of the uniform electronic charge and core-size MPCs with C4 and C6 coatings (15) produce a series of DPV current peaks (in both positive-and negativegoing scans of E) that occur at the ⌬V C ϭ
